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Abstract

Background: To examine differences in the maternal characteristics and pregnancy outcomes of Chinese women with
various causes of infertility who underwent in vitro fertilization (IVF) with embryonic cryopreservation treatment.

Methods: Cases were pregnancies after IVF-ET with embryonic cryopreservation; controls were spontaneously
conceived pregnancies. Subgroup analysis was carried out according to etiology of infertility. The IVF treatment group
was divided into 5 subgroups according to infertility etiology as follows: ovulation disorder, tubal disease, male
infertility, endometriosis, and mixed infertility. Data on demographic characteristics, medical history, laboratory tests,
and delivery were reviewed. Logistic regression analysis was performed for pregnancy and perinatal complications and
neonatal outcomes. The multivariable model was adjusted for potential confounders.

Results: Among singleton pregnancies, compared with spontaneous pregnancies, IVF pregnancies were associated with
significant increases in the rates of the following: gestational diabetes mellitus (GDM) (aOR 1.76[95% CI 1.33–2.33]),
preeclampsia (2.60[1.61–4.20]), preterm preeclampsia (4.52[2.03–10.06]), postpartum hemorrhage (1.57[1.04–2.36]),
intrahepatic cholestasis of pregnancy (3.84[1.06–13.94]), preterm premature rupture of membranes (2.11[1.17–3.81]), preterm
birth (1.95[CI 1.26–3.01]), low birthweight (1.90[1.13–3.20]), macrosomia (1.53[1.03–2.27]), and neonatal intensive care unit
(NICU) admission (1.69[1.22–2.34]) in the ovulation disorder group; GDM (1.50[1.21–1.86]), placenta previa (2.70[1.59–4.59]),
placenta accreta (1.78[1.10–2.89]), postpartum hemorrhage (1.61[1.19–2.18]), macrosomia (1.60[1.21–2.13]) and 5-min Apgar
score≤ 7 (4.09[1.04–16.08]) in the tubal disease group; placenta previa (9.33[4.22–20.62]), small for gestational age (2.29[1.04–
5.08]), macrosomia (2.00[1.02–3.95]) and NICU admission (2.35[1.35–4.09]) in the endometriosis group; placenta previa
(4.14[2.23–7.68]) and placenta accreta (2.05[1.08–3.87]) in the male infertility group; and GDM (1.85[1.15–2.98]), placenta previa
(4.73[1.83–12.21]), placental abruption (3.39[1.20–9.56]), chorioamnionitis (2.93[1.04–8.26]), preterm birth (2.69[1.41–5.15]), and
1-min Apgar score≤ 7 (4.68[1.62–13.51]) in the mixed infertility group. Among multiple pregnancies, most of the differences
that were significant in singleton pregnancies were less extensive or had disappeared.
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Conclusions: Infertility etiology within the IVF population was found to affect maternal and neonatal outcomes among all
births. During the perinatal period, infertility etiology appears to be an additional risk factor for abnormal pregnancy
outcomes besides the use of IVF techniques compared with spontaneous pregnancies. Higher risk was found for ovulation
disorders, and lower risk was found for male infertility.

Keywords: Reasons for IVF, Infertility etiology, Adverse pregnancy outcomes, Neonatal outcomes

Background
The number of pregnancies and births after assisted re-
productive technology (ART) has increased exponen-
tially over the past 40 years. In China, ART contributes
to 1% of all births [1]. Indeed, ART, such as in vitro
fertilization (IVF) and intracytoplasmic sperm injection
(ICSI), has become among the most important treat-
ments for infertility. However, in recent years, evidence
has emerged that ART pregnancies are at an increased
risk of maternal complications and adverse pregnancy
outcomes, including pregnancy-induced hypertension
(PIH), gestational diabetes mellitus (GDM), placenta
previa, placental abruption, postpartum hemorrhage,
preterm birth, low birth weight, and small for gestational
age, in both multiple pregnancies and singleton pregnan-
cies [2–7]. In addition, some research has shown that in-
fants conceived after ART have a higher prevalence of
certain birth defects. Assisted hatching and the diagnosis
of an ovulation disorder are marginally associated with in-
creased risks for nonchromosomal birth defects [8–10].
However, other research has shown that ART is associated
with a slightly elevated risk of birth defects and that the
risks vary depending on the exposure [11]. However, other
studies have concluded that the ART procedures associ-
ated with IVF are not responsible for adverse perinatal
complications [12] because subfertile women who con-
ceived without the aid of ART exhibited an increased risk
for these adverse outcomes. Several maternal factors asso-
ciated with infertility may contribute to adverse obstetric
and perinatal outcomes. Despite the widespread applica-
tion of ART, concerns about potential health implications
remain, and the results of previous studies are controver-
sial, partly because of their different study designs, ethnic
group compositions, ART protocols and techniques used,
and maternal biometric characteristics.
The reasons for the increase in adverse pregnancy out-

comes with ART are unknown. It is difficult to identify
whether the adverse outcomes observed with ART are
the direct result of the patients’ characteristics, including
type of subfertility or other factors such as cardiovascu-
lar maladaptation. One hypothesis is that an infertility-
related diagnosis in a woman undergoing ART contrib-
utes directly to adverse outcomes, and excess perinatal
morbidities have been associated with the infertility-
related diagnosis in both ART-treated and non-ART-

treated women [13]. However, after adjustments for ma-
ternal characteristics, other studies have reported few
cases in which underlying infertility directly contributed
to adverse outcomes [14]. Another possibility is that ad-
verse outcomes result from the ART procedure itself, in-
cluding the artificial induction of ovulation; exposure of
oocytes, sperm, and embryos to the environment outside
of the body; and freezing and manipulation of oocytes
and embryos. In several prior studies, age-matching of
patients between the ART and spontaneous conception
groups was not performed. Knowledge of ART preg-
nancy outcomes in China is limited, and few studies
have examined the relationship between infertility eti-
ology and pregnancy outcomes.
The aim of this retrospective cohort study was to ex-

plore the impact of infertility etiology of frozen-thawed
IVF on pregnancy outcomes, adjusting for maternal
characteristics.

Methods
Data source and study sample
We conducted a large retrospective, hospital-based co-
hort study in couples who underwent IVF treatment at
Beijing Obstetrics and Gynecology Hospital between
January 2009 and May 2018. We applied the STROBE
guidelines in the methods. All IVF-derived pregnancies
were randomly matched to a sample of spontaneous
pregnancies for maternal age and birth year. The inclu-
sion criteria were as follows: 1) all patients were Chinese;
2) all patients in each group had live births and a gesta-
tional age of ≥28 weeks (since the perinatal period starts
at 28 complete weeks in China, only gestational ages
above 28 weeks are included); 3) the IVF-ET method
was frozen-embryo transfer, including both blastocyst
transfer and cleavage-stage embryo transfer; and 4) the
infertility diagnosis was an ovulation disorder, tubal dis-
ease, endometriosis, male infertility, or mixed infertility
(meaning multiple infertility-related diagnoses). The ex-
clusion criteria were as follows: 1) the use donor oo-
cytes/sperm or embryos, to ensure that all embryos
transferred were autologous; 2) the use of preimplanta-
tion genetic testing (PGT); 3) the existence of chronic
prepregnancy complications, to ensure that only patients
with complications that occurred during pregnancy were
studied; 4) unexplained infertility, since in our system,
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the diagnosis of unexplained infertility not only includes
the diagnosis of infertility that did not find clear reasons
but also includes the diagnosis of ovulation disorder,
tubal disease, endometriosis, or male infertility, which
may not be recorded clearly; if we include the unknown
infertility diagnosis in our study group, bias may be in-
troduced; 5) ICSI and other methods of conception dif-
ferent from IVF; or 6) women who smoked or consumed
alcohol during pregnancy, to prevent confounding ef-
fects on outcomes by these factors. Overall, a total of
8773 deliveries were subjected to this retrospective ana-
lysis. Among the women, 21% (1843) had received IVF
treatment. The IVF group consisted of 1241 singleton
and 602 twin pregnancies. The spontaneously conceived
group consisted of 6832 singleton and 98 twin pregnan-
cies. All data, including infertility diagnosis, pregnancy,
and obstetric and neonatal outcomes, were obtained
from records of the patients’ visits to hospitals. The
demographic and selected maternal characteristics, preg-
nancy and labor complications and neonatal outcomes
were compared between the two groups.

Variables of interest and definition of main outcomes
The selected maternal and pregnancy characteristics and
pregnancy outcomes included the following: gestational
hypertension (BP ≥140/90 mmHg after 20 weeks in pre-
viously normotensive women), preeclampsia (hyperten-
sion and proteinuria, evidence of other maternal organ
dysfunction, or uteroplacental dysfunction), preterm
pre-eclampsia (if preeclampsia occurred at < 37 gesta-
tional weeks) [15], GDM (diabetes diagnosed during
pregnancy) [16], delivery method, intrahepatic cholesta-
sis of pregnancy (ICP, characterized by an underlying
elevation in circulating bile acids and liver derangement)
[17], placenta previa (lower placenta edge within 2 cm
from the internal os) [18], placenta accreta (a spectrum
disorder ranging from abnormally adherent to deeply in-
vasive placental tissue) [18], placental abruption (a pre-
mature separation of the placenta before delivery) [19],
preterm premature rupture of membranes (pPROM,
membrane rupture before labor and before 37 weeks of
gestation) [20], chorioamnionitis (histological or clinical)
[21], postpartum hemorrhage (an estimated blood loss
in excess of 500 ml after a vaginal birth or a loss of
greater than 1000ml after a caesarean birth) [22], poly-
hydramnios (US assessment showing a largest, deepest
pool of AF greater than 8 cm or an amniotic fluid index
greater than 25 cm), oligohydramnios (US assessment
showing a largest, deepest pool of AF less than 2 cm or
an amniotic fluid index less than 2 cm) [23], preterm
birth (PB or PTB, delivery after at least 28 weeks’ gesta-
tion but no more than 37 weeks’ gestation) [24], low
birthweight (LBW, birthweight < 2500 g) [24], macroso-
mia (birth weight ≥ 4000 g) [25], small for gestational age

(SGA, defined as birth weight below the 10th percentile
of a standard optimal reference population for a given
gestational age and sex) [26], Apgar score at 1 min,
Apgar score at 5 min and neonatal intensive care unit
(NICU) admission.

Ethics approval
This study was approved by the local institutional ethics
committee, namely, The Beijing Obstetrics and
Gynecology Hospital committee (ethics approval num-
ber: 2019-KY-024-01), and was conducted in accordance
with the Declaration of Helsinki. Due to the retrospect-
ive study design, consent for participation was not re-
quired. Nevertheless, private information was well-
protected during the study.

Statistical analysis
SPSS statistical software (version 20.0) was used for data
analysis. We first compared baseline characteristics be-
tween all IVF groups vs natural pregnancies. Quantita-
tive data are presented as the mean and SD (mean ± SD).
Fisher’s exact tests, t tests and Pearson’s chi-square tests
were performed to evaluate differences in the propor-
tions of categorical variables between two or more
groups. Second, we assessed the effect of infertility diag-
nosis on adverse perinatal and neonatal outcomes by
comparing the prevalence rates of adverse perinatal and
neonatal outcomes in different infertility diagnosis sub-
groups and natural pregnancies. Logistic regression ana-
lysis was conducted to calculate approximate relative
risks of adverse outcomes and to identify possible pre-
dictors of pregnancy complications. The multivariable
model was adjusted for maternal age, gravidity, parity,
prepregnancy obesity (body mass index≥28 kg/m2) [27],
birth plurality, and history of previous caesarean section;
the results are reported as adjusted odds ratios (aORs)
and 95% confidence intervals (CIs). Centiles birthweight
were calculated from reference equation of published
dataset on similar population and study groups [28, 29].
P values of less than 0.05 were considered statistically
significant. The methods were carried out in accordance
with approved guidelines.

Results
Figure 1 shows the flow chart of the participants who
were either included in the main analysis or excluded for
failing to meet the inclusion criteria. The diagnosis for
IVF-treated deliveries included ovulation disorders (N =
404), tubal disease (N = 803), endometriosis (N = 107),
male infertility (N = 403), and mixed infertility (N = 126).
The number of natural pregnancies was 6930. Table 1
summarizes the background characteristics of the
women who were included in the main analysis. Women
with IVF pregnancies were more likely to have
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significantly higher rates of prepregnancy obesity, caesar-
ean section, and multiple pregnancy and a lower rate of
previous caesarean delivery than women with spontan-
eous pregnancies (P < 0.001). The spontaneous preg-
nancy group also had a significantly higher number of
second gravidity and pregnancies than the IVF group
(P < 0.001).

Table 2 shows the pregnancy outcomes among differ-
ent infertility etiologies for IVF vs spontaneous pregnan-
cies in singleton pregnancies. Table 3 shows the
neonatal outcomes among different infertility etiologies
for IVF vs spontaneous pregnancies in singleton preg-
nancies. The associations between different infertility eti-
ologies and maternal/perinatal complication or adverse

Fig. 1 Flow chart of participants in the analysis
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outcomes were assessed using a logistic regression, with
women who conceived spontaneously serving as a refer-
ence (Table 4). In the same way, the associations be-
tween different infertility etiologies and neonatal
complications or adverse outcomes were assessed using
a logistic regression, with women who conceived spon-
taneously serving as a reference (Table 5). Among
singleton pregnancies, women with ovulation disorders

who conceived by IVF had higher risks of preeclampsia
(aOR 2.60 [95% CI 1.61–4.20]), preterm preeclampsia
(aOR 4.52 [95% CI 2.03–10.06]), GDM (aOR 1.76 [95%
CI 1.33–2.33]), ICP (aOR 3.84 [95% CI 1.06–13.94]),
pPROM (aOR 2.11 [95% CI 1.17–3.81]), postpartum
hemorrhage (aOR 1.57 [95% CI 1.04–2.36]), PB (aOR
1.95 [95% CI 1.26–3.01]), low birthweight (aOR 1.90
[95% CI 1.13–3.20]), macrosomia (aOR 1.53 [95% CI

Table 1 Maternal and pregnancy characteristics of the ART and spontaneous pregnancy groups

Ovulation disorder Ovulation
disorder disorder

Tubal
disease

Endometriosis Male
infertility

Mixed
infertility

All ART Controls P
value*

Number of patients 404 803 107 403 126 1843 6930

Maternal age 33.6±4.15 33.33±
3.10

34.11±3.58 33.41±3.50 33.27±3.50 33.40±
3.50

33.39±
2.96

0.11

Gravidity <0.001

G1 258 (63.9%) 436
(54.3%)

74 (69.2%) 289
(71.7%)

75 (59.5%) 1132
(61.4%)

2879
(41.6%)

G ≥ 2 146 (36.1%) 367
(45.7%)

33 (30.8%) 114
(28.3%)

51 (40.5%) 711
(38.5%)

4048
(58.4%)

Parity <0.001

P1 382 (94.6%) 762
(94.9%)

104 (97.2%) 389
(96.5%)

124 (98.4%) 1761
(95.6%)

5055
(73%)

P ≥ 2 22 (5.4%) 41 (5.1%) 3 (2.8%) 14 (3.5%) 2 (1.6%) 82 (4.4%) 1872
(27%)

Pre-pregnancy obesity <0.001

Yes 15 (3.7%) 13 (1.6%) 1 (0.9%) 7 (1.7%) 4 (3.2%) 40 (2.2%) 61 (0.9%)

No 389 (96.3%) 790
(98.4%)

106 (99.1%) 396
(98.3%)

122 (96.8%) 1803
(97.8%)

6869
(99.1%)

Birth plurality <0.001

Singleton 271 (67.1%) 542
(67.5%)

74 (69.2%) 267
(66.3%)

87 (69%) 1241
(67.3%)

6832
(98.6%)

Multiple 133 (32.9%) 261
(32.5%)

33 (30.8%) 136
(33.7%)

39 (31%) 602
(32.7%)

98 (1.4%)

Previous caesarean
delivery

<0.001

Yes 6 (1.5%) 17 (2.1%) 3 (2.8%) 6 (1.5%) 2 (1.6%) 34 (1.8%) 772
(11.1%)

No 398 (98.5%) 786
(97.9%)

104 (97.2%) 397
(98.5%)

124 (98.4%) 1809
(98.2%)

6158
(88.9%)

Delivery method <0.001

Vaginal delivery 115 (28.5%) 227
(28.3%)

24 (22.4%) 115
(28.5%)

27 (21.4%) 508
(27.6%)

3547
(51.2%)

Caesarean section 261 (64.6%) 538 (67%) 75 (70.1%) 276
(68.5%)

91 (72.2%) 1241
(67.3%)

3100
(44.7%)

Operative vaginal
delivery

28 (6.9%) 38 (4.7%) 8 (7.5%) 12 (3%) 8 (6.3%) 94 (5.1%) 283
(4.1%)

Number of embryos
transferred

1 274 (67.2%) 545
(67.0%)

74 (67.9%) 271(66.1%) 89 (68.5%)

≥ 2 134 (32.8%) 268 (33%) 35 (32.1%) 139(33.9%) 41 (31.5%)

Note: Data are presented as means±SDs for continuous variables and n (%) for dichotomous variables
Mixed infertility refers to a multiple infertility-related diagnosis. Both blastocyst transfer and cleavage stage embryos transfer are included
*P values were assessed by using the Pearson’s chi-square test, Fisher’s exact test or the t test between all IVF group vs controls ; Obesity means BMI≥28 kg/m2
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1.03–2.27]), and NICU admission (aOR 1.69 [95% CI
1.22–2.34]) than those who conceived spontaneously.
Additionally, women with tubal disease who conceived
by IVF had a higher risk of GDM (aOR 1.50 [95% CI
1.21–1.86]), placenta previa (aOR 2.70 [95% CI 1.59–
4.59]), placenta accreta (aOR 1.78 [95% CI 1.10–2.89]),
postpartum hemorrhage (aOR 1.61 [95% CI 1.19–2.18]),
macrosomia (aOR 1.60 [95% CI 1.21–2.13]), and a 5-min
Apgar score ≤ 7 (aOR 4.09 [95% CI 1.04–16.08]) than
those who conceived spontaneously. Women with endo-
metriosis who conceived by IVF had a higher risk of pla-
centa previa (aOR 9.33 [95% CI 4.22–20.62]), SGA (aOR
2.29 [95% CI 1.04–5.08]), macrosomia (aOR 2.00 [95%
CI 1.02–3.95]), and NICU admission (aOR 2.35 [95% CI
1.35–4.09]) than those who conceived spontaneously.
Women with male infertility who conceived by IVF had
a higher risk of placenta previa (aOR 4.14 [95% CI 2.23–
7.68]) and placenta accreta (aOR 2.05 [95% CI 1.08–
3.87]). Women with mixed infertility who conceived by
IVF had a higher risk of GDM (aOR 1.85 [95% CI 1.15–
2.98]), placenta previa (aOR 4.73 [95% CI 1.83–12.21]),
placental abruption (aOR 3.39 [95% CI 1.20–9.56]),
chorioamnionitis (aOR 2.93 [95% CI 1.04–8.26]), PB
(aOR 2.69 [95% CI 1.41–5.15]), and a 1-min Apgar
score ≤ 7 (aOR 4.68 [95% CI 1.62–13.51]) than those
who conceived spontaneously. However, when twin
pregnancies were compared with spontaneous pregnan-
cies, only the rates of the following were significantly

increased: GDM in the ovulation disorder and mixed in-
fertility groups and 1-min Apgar score ≤ 7 in the mixed
infertility group; the other differences that were signifi-
cantly higher in the singleton pregnancy cohort had nar-
rowed or disappeared in the twin pregnancy cohort (see
Supplementary Tables 1–4).

Discussion
Summary of key findings
Through this retrospective, hospital-based cohort study
of pregnant Chinese women, we verified that infertility
etiologies within the IVF population were found to affect
maternal and neonatal outcomes among all births.
Among singleton pregnancies, compared with spontan-
eous pregnancies, IVF pregnancies with ovulation disor-
ders have higher risks of adverse pregnancy and
perinatal outcomes. The rates of the following were sig-
nificantly increased: GDM (1.8-fold), preeclampsia (4.5-
fold), postpartum hemorrhage (1.6-fold), pPROM (2.1-
fold), and preterm birth (2-fold), while IVF pregnancies
with male infertility have lower risks of adverse preg-
nancy and perinatal outcomes.

Interpretation
Our study shows that ovulation disorders were associ-
ated with higher risks of many pregnancy and neonatal
complications. The results are consistent with prior
studies [13, 30, 31]. As the use of IVF increases and

Table 2 Pregnancy outcomes among different infertility etiologies for IVF compared to spontaneous pregnancies in singleton
pregnancies

Control Ovulation disorder Tubal disease Endometriosis Male infertility Mixed infertility

Singleton pregnancies N % N % N % N % N % N %

Maternal outcomes 6832 271 542 74 267 87

Gestational hypertension 271 4 13 4.8 18 3.3 3 4.1 18 6.7^ 2 2.3

Preeclampsia 193 2.8 22 8.1* 23 4.2 2 2.7 9 3.4 4 4.6

Mild 63 0.9 8 3* 7 1.3 0 0 2 0.2 1 1.1

Severe 130 1.9 14 5.2* 16 3 2 2.7 7 2.6 3 3.4

Preterm preeclampsia 46 0.7 8 3* 5 0.9 0 0 3 1.1 2 2.3

GDM 1132 16.6 76 28* 129 23.8* 15 20.3 57 21.3^ 25 28.7^

Placenta previa 94 1.4 3 1.1 18 3.3^ 8 10.8^ 13 4.9* 5 5.7*

Placental abruption 92 1.3 7 2.6 7 1.3 2 2.7 2 0.7 4 4.6^

pPROM 154 2.3 13 4.8^ 19 3.5 3 4.1 11 4.1 3 3.4

Placenta accreta 148 2.2 7 2.6 20 3.7^ 3 4.1 11 4.1^ 3 3.4

Postpartum haemorrhage 574 8.4 31 11.4 59 10.9^ 6 8.1 21 7.9 9 10.3

ICP 16 0.2 3 1.1^ 4 0.7^ 0 0 1 0.4 0 0

Polyhydramnios 61 0.9 4 1.5 7 1.3 1 1.4 5 1.9 0 0

Oligohydramnios 247 3.6 14 5.2 18 3.3 4 5.4 12 4.5 2 2.3

Chorioamnionitis 91 1.4 7 2.6 10 1.8 2 2.7 3 1.1 4 4.6^

Note: GDM Gestational diabetes mellitus, pPROM preterm premature rupture of membranes, ICP intrahepatic cholestasis of pregnancy; Mixed infertility refers to
multiple infertility-related diagnosis. Data are presented as n (%) for dichotomous variable, P values were assessed by using the Pearson’s chi-square test, or
Fisher’s exact test between each infertility subgroup vs controls ; P ≤ 0.001 = *; P < 0.05 = ^. Nonsignificant numbers have not symbol

Wang et al. BMC Pregnancy and Childbirth           (2021) 21:39 Page 6 of 12



Ta
b
le

3
N
eo

na
ta
lo

ut
co
m
es

am
on

g
di
ffe
re
nt

in
fe
rt
ili
ty

et
io
lo
gi
es

fo
r
IV
F
co
m
pa
re
d
to

sp
on

ta
ne

ou
s
pr
eg

na
nc
ie
s
in

si
ng

le
to
n
pr
eg

na
nc
ie
s

C
on

tr
ol

O
vu

la
ti
on

d
is
or
d
er

Tu
b
al

d
is
ea

se
En

do
m
et
ri
os
is

M
al
e
in
fe
rt
ili
ty

M
ix
ed

in
fe
rt
ili
ty

Si
ng

le
to
n
Pr
eg

na
nc

ie
s

N
%

N
%

N
%

N
%

N
%

N
%

68
32

27
1

54
2

74
26
7

87

G
es
ta
tio

na
lw

ee
ks

38
.8
±
1.
5

38
.3
±
1.
8*

38
.5
±
1.
6*

38
.3
±
1.
8^

38
.5
±
1.
8^

38
.1
±
1.
9*

Pr
et
er
m

bi
rt
h

35
5

5.
2

25
9.
2^

36
6.
6

7
9.
5

20
7.
5

11
12
.6
^

34
≤
PT
D
<
37

w
k

26
7

3.
9

17
6.
3

29
5.
4

5
6.
8

16
6

9
10
.3
^

28
≤
PT
D
<
34

w
k

88
1.
3

8
3^

7
1.
3

2
2.
7

5
1.
9

2
2.
3

Bi
rt
hw

ei
gh

t,
g(

M
ea
n±

SD
)

33
70
±
47
4

33
79
±
58
0

33
82
±
49
8

32
44
±
50
2^

33
35
±
51
9

32
78
±
51
8

Bi
rt
hw

ei
gh

t
ce
nt
ile
(M

ea
n±

SD
)

57
.2
9±

24
.8
1

59
.5
1±

26
.6
0

57
.2
9±

26
.0
2

51
.8
4±

27
.9
7

55
.2
8±

26
.8
0

57
.3
7±

26
.5
3

<
25
00

g
23
6

3.
5

17
6.
3^

21
3.
9

4
5.
4

13
4.
9

6
6.
9

<
15
00

g
38

0.
6

4
1.
5

3
0.
6

0
0

3
1.
1

1
1.
1

SG
A

28
1

4.
1

18
6.
6^

21
3.
9

7
9.
5^

12
4.
5

5
5.
7

M
ac
ro
so
m
ia

52
1

7.
6

31
11
.4
^

64
11
.8
*

10
13
.5

20
7.
5

6
6.
9

Bo
dy

le
ng

th
,c
m

50
.5
5±

41
.7
8

49
.8
5±

2.
37

50
.0
2±

1.
88

49
.7
3±

2.
01

49
.9
2±

2.
04

49
.6
3±

2.
12
^

1-
M
in
ut
e
A
pg

ar
sc
or
e≤

7
64

0.
9

5
1.
8

4
0.
7

0
0

4
1.
5

4
4.
6*

5-
M
in
ut
e
A
pg

ar
sc
or
e≤

7
10

0.
1

1
0.
4

3
0.
6*

0
0

0
0

0
0

N
IC
U
ad
m
is
si
on

72
8

10
.7

48
17
.7
*

72
13
.3

17
23
*

33
12
.4

15
17
.2
^

N
ot
e:

PT
D
pr
et
er
m

de
liv
er
y,
SG

A
sm

al
lf
or

ge
st
at
io
na

la
ge

(
bi
rt
hw

ei
gh

t
be

lo
w

th
e
10

th
pe

rc
en

til
e
fo
r
ge

st
at
io
na

la
ge

);
M
ac
ro
so
m
ia

=
bi
rt
h
w
ei
gh

t
≥
40

00
g

M
ix
ed

in
fe
rt
ili
ty

re
fe
rs

to
m
ul
tip

le
in
fe
rt
ili
ty
-r
el
at
ed

di
ag

no
si
s

D
at
a
ar
e
pr
es
en

te
d
as

m
ea
ns
±
SD

s
fo
r
co
nt
in
uo

us
va
ria

bl
es

an
d
n
(%

)
fo
r
di
ch
ot
om

ou
s
va
ria

bl
es
.P

va
lu
es

w
er
e
as
se
ss
ed

by
us
in
g
th
e
Pe

ar
so
n’
s
ch
i-s
qu

ar
e
te
st
,F
is
he

r’s
ex
ac
t
te
st

or
th
e
t
te
st

be
tw

ee
n
ea
ch

in
fe
rt
ili
ty

su
bg

ro
up

vs
co
nt
ro
ls
;P

≤
0.
00

1
=
*;
P
<
0.
05

=
^
.N

on
si
gn

ifi
ca
nt

nu
m
be

rs
ha

ve
no

t
sy
m
bo

l

Wang et al. BMC Pregnancy and Childbirth           (2021) 21:39 Page 7 of 12



Table 4 cORs, aORs and 95% CIs of pregnancy and delivery outcomes among different infertility etiologies compared to
spontaneous pregnancies in singleton pregnancies

Ovulation disorder Tubal disease Endometriosis Male infertility Mixed infertility

SP cOR aOR 95% CI cOR aOR 95% CI cOR aOR 95% CI cOR aOR 95% CI cOR aOR 95% CI

GH 0.63 0.93 0.52 1.68 0.91 0.72 0.44 1.19 1.06 0.90 0.28 2.89 0.55 1.49 0.90 2.47 1.76 0.45 0.11 1.85

Preeclampsia 0.26 2.60 1.61 4.20 0.44 1.40 0.89 2.21 0.75 0.90 0.22 3.74 0.44 1.10 0.55 2.20 0.60 1.39 0.50 3.90

Mild 0.30 2.67 1.23 5.79 0.57 1.20 0.54 2.68 0.99 NC NC NC 0.93 0.67 0.16 2.77 0.80 0.98 0.13 7.19

Severe 0.25 2.46 1.36 4.44 0.40 1.51 0.88 2.59 0.67 1.42 0.34 5.92 0.35 1.36 0.62 2.99 0.54 1.62 0.49 5.29

PPE 0.10 4.52 2.03 10.06 0.22 1.38 0.54 3.54 0.72 NC NC NC 0.18 1.66 0.50 5.49 0.29 3.37 0.79 14.46

GDM 0.43 1.76 1.33 2.33 0.72 1.50 1.21 1.86 0.73 1.20 0.67 2.13 0.72 1.31 0.96 1.77 0.49 1.85 1.15 2.98

Placenta previa 1.40 0.93 0.29 3.00 0.47 2.70 1.59 4.59 0.14 9.33 4.22 20.62 0.39 4.14 2.23 7.68 0.23 4.73 1.83 12.21

Placental
abruption

0.68 1.89 0.86 4.17 1.36 0.92 0.42 2.01 0.72 1.90 0.46 7.97 1.82 0.55 0.13 2.25 0.28 3.39 1.20 9.56

pPROM 0.23 2.11 1.17 3.81 0.36 1.52 0.93 2.49 0.47 1.76 0.55 5.70 0.27 1.79 0.95 3.37 0.65 1.49 0.46 4.80

Placenta accreta NC 1.29 0.59 2.80 NC 1.78 1.10 2.89 NC 2.00 0.62 6.48 NC 2.05 1.08 3.87 NC 1.70 0.53 5.48

PH 0.65 1.57 1.04 2.36 0.65 1.61 1.19 2.18 0.66 1.11 0.46 2.68 0.73 1.17 0.73 1.88 0.80 1.61 0.77 3.36

ICP 0.13 3.84 1.06 13.94 0.16 2.77 0.89 8.60 NC NC NC NC 0.19 1.36 0.17 10.58 NC NC NC NC

Polyhydramnios 0.51 1.72 0.60 4.89 0.80 1.56 0.70 3.48 0.96 1.79 0.24 13.24 0.45 2.27 0.88 5.82 NC NC NC NC

Oligohydramnios 0.91 1.19 0.68 2.10 1.55 0.75 0.46 1.22 0.97 1.17 0.42 3.25 1.13 1.01 0.55 1.83 1.59 0.48 0.12 1.96

Chorioamnionitis 0.53 1.64 0.74 3.63 0.97 1.19 0.61 2.32 0.71 1.76 0.42 7.38 1.80 0.75 0.23 2.40 0.28 2.93 1.04 8.26

CI confidence interval, cOR crude odds ratio, aOR djusted odds ratio. Mixed infertility refers to multiple infertility-related diagnosis; SP singleton pregnancies, GH
gestational hypertension, PPE preterm preeclampsia, GDM gestational diabetes mellitus, pPROM preterm premature rupture of membranes, PH postpartum
haemorrhage, ICP intrahepatic cholestasis of pregnancy
Bold indicates significant differences; NC not calculated due to low numbers
Note: Logistic regression analysis was adjusted for age, gravidity, parity, pre-pregnancy obesity, birth plurality, and history of previous caesarean section. The
reference group of logistic regression is spontaneous control pregnancy

Table 5 cORs, aORs and 95% CIs of neonatal outcomes among different infertility etiologies compared to spontaneous pregnancies
in singleton pregnancies

Ovulation disorder Tubal disease Endometriosis Male infertility Mixed infertility

SP cOR aOR 95% CI cOR aOR 95% CI cOR aOR 95% CI cOR aOR 95% CI cOR aOR 95% CI

Preterm birth 0.18 1.95 1.26 3.01 0.27 1.33 0.93 1.91 0.27 1.97 0.89 4.34 0.21 1.52 0.95 2.44 0.20 2.69 1.41 5.15

34≤PTD<37 wk 0.19 1.73 1.03 2.89 0.27 1.42 0.95 2.11 0.27 1.83 0.73 4.61 0.22 1.61 0.95 2.73 0.20 2.88 1.42 5.84

28≤PTD<34 wk 0.21 2.49 1.17 5.29 0.38 1.06 0.48 2.31 0.34 2.24 0.53 9.38 0.24 1.52 0.60 3.83 0.26 1.88 0.45 7.84

Birthweight <2500
g

0.12 1.90 1.13 3.20 0.14 1.12 0.71 1.78 0.14 1.59 0.57 4.42 0.12 1.42 0.80 2.54 0.13 2.04 0.88 4.76

Birthweight <1500
g

0.18 3.31 1.34 9.60 0.28 1.09 0.33 3.59 0.29 NC NC NC 0.18 2.29 0.69 7.64 0.17 2.38 0.32 17.81

SGA 0.28 1.60 0.97 2.65 0.30 0.90 0.57 1.42 0.23 2.29 1.04 5.08 0.33 1.03 0.57 1.88 0.24 1.36 0.54 3.40

Macrosomia 0.99 1.53 1.03 2.27 0.95 1.60 1.21 2.13 0.80 2.00 1.02 3.95 1.58 0.97 0.60 1.55 1.65 0.86 0.37 2.00

1-Minute Apgar
score≤7

0.37 1.84 0.72 4.73 0.94 0.77 0.28 2.15 0.50 NC NC NC 0.37 1.70 0.61 4.80 0.19 4.68 1.62 13.51

5-Minute Apgar
score≤7

0.20 2.39 0.27 20.34 0.29 4.09 1.04 16.08 NC NC NC NC 0.20 NC NC NC 0.18 NC NC NC

NICU admission 0.26 1.69 1.22 2.34 0.34 1.24 0.95 1.61 0.28 2.35 1.35 4.09 0.31 1.17 0.80 1.70 0.31 1.61 0.92 2.84
aLogistic regression analysis was adjusted for age, gravidity, parity, pre-pregnancy obesity, birth plurality, and history of previous caesarean section. CI confidence
interval, cOR crude odds ratio, aOR adjusted odds ratio
Mixed infertility refers to multiple infertility-related diagnosis, SP singleton pregnancies, PTD preterm delivery, SGA small for gestational age( birthweight below the
10th percentile for gestational age), NICU neonatal intensive care unit; Macrosomia = birth weight≥4000g; The reference group of logistic regression is
spontaneous control pregnancy; Bold indicates significant differences; NC not calculated due to low numbers
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newer technologies continue to push the boundaries of
science, it is important to consider the clinical safety of
these approaches. One possible explanation is that a
high proportion of women with ovulation disorders have
polycystic ovarian syndrome (PCOS), and many of them
have multiple metabolic abnormalities. Growing evi-
dence demonstrates that PCOS has a negative impact on
fertility and pregnancy outcomes, such as GDM, gesta-
tional hypertensive disorders, and PB [32]. GDM is evi-
dently related to the delivery of an infant with
macrosomia, so the incidence of macrosomia is signifi-
cantly higher for pregnant women with PCOS [31]. In
addition, neonates of women with PCOS are at greater
risk of neonatal complications, including perinatal mor-
tality, prematurity, SGA, lower birth weight and higher
NICU admission [33]. Current evidence also suggests
that prepregnancy hormonal dysfunction, including
hyperandrogenism, progesterone resistance and hyperin-
sulinism, impairs uterine placentation mechanisms,
which may lead to a greater risk of adverse obstetric and
neonatal outcomes [33].
In our study, compared with spontaneous pregnancies,

IVF pregnancies in patients who had tubal infertility had
increased risks of GDM, placenta previa, placenta
accreta, postpartum hemorrhage, macrosomia, and a 5-
min Apgar score ≤ 7. One study reported that infertility,
particularly due to an ovulatory disorder or tubal block-
age, was associated with an increased GDM risk; specif-
ically, women with a history of infertility due to tubal
blockage had an 83% greater risk [34], consistent with
our results. GDM is closely related to the birth of an in-
fant with macrosomia; therefore, the rate of macrosomia
in tubal infertility is also significantly increased. Tubal-
factor infertility is always associated with reproductive in-
flammation, which may lead to an imbalance in immune-
endocrine crosstalk among the endometrium, myome-
trium and cervix and between the decidua and tropho-
blasts, predisposing patients to pregnancy complications,
such as placenta previa, placenta accreta and postpartum
hemorrhage, which could affect neonatal outcomes.
Our data showed that endometriosis was significantly

associated with placenta previa, SGA, and NICU admis-
sion, similar to the findings of previous studies [35–38].
Endometriosis is a common reason for infertility and
may cause chronic inflammation and adhesions in the
pelvis of reproductive-aged women. Moreover, women
with endometriosis exhibit defective deep placentation
because of defective remodeling of the spiral arteries
[39]. P Cavoretto found that in a longitudinal cohort
study of uterine artery Doppler in singleton pregnancies,
different uterine arteries perfusion (with lower pulsatility
index) occurring in frozen as compared to fresh embryo
transfer pregnancy from the first to the third trimester,
related to higher birth weight in frozen as compared to

fresh IVF/ICSI [28]. Which may indicate that pregnancy
outcomes are affected by uterine arteries prefusion.
These factors may explain why endometriosis is possibly
a crucial factor for increased negative outcomes in IVF
pregnancy. However, Benaglia L found that women with
endometriosis who conceived via IVF do not face an in-
creased risk of preterm birth [40], similar to our find-
ings. In addition, we found that IVF pregnancies in
patients with endometriosis had a higher rate of macro-
somia (2-fold) than those who conceived naturally. Re-
grettably, we have not found any literature on the
relationship between endometriosis and macrosomia.
This controversial result still needs to be further studied
by expanding the sample size.
In the male infertility subgroup, the rates of placenta

previa and placenta accreta were also increased, but this
has not been universally reported. One possible explan-
ation is that the increased risks of placenta previa and pla-
centa accreta are caused by factors related to IVF [41, 42].
Indeed, the intrauterine operation and manipulation of
embryonic cells in IVF might induce uterine contraction,
leading to higher frequencies of implantation in the lower
uterine segment, which may increase the risk of placenta
previa. The changes to the endometrium wrought by IVF
treatment protocols, and the use of hormone therapy to
promote embryo implantation, may increase the risk of
placenta accreta. In this research, the risk of placenta pre-
via increased in all subgroups except for the ovarian dis-
order subgroup, which was similar to previous research
[41]. Interestingly, there were no significant differences in
neonatal outcomes between IVF and spontaneous concep-
tion in the male infertility subgroup. Vannuccini S found
that in uncomplicated term pregnancies following ART,
infants born after ART had similar birthweights, Apgar
scores and arterial blood pH values as those of spontan-
eously conceived infants [43]. These findings might indi-
cate that the factors associated with infertility are more
likely to be associated with adverse neonatal complications
rather than the ART procedure itself, which is consistent
with a previous study [44]. Overall, the results require fur-
ther analysis in larger cohorts, adjustments for as many
confounders as possible and further preclinical studies.
Recent evidence with meta-analysis show the impact

of IVF/ICSI pregnancy which more than doubles the rate
of iatrogenic preterm birth [45]. In our study, indirect
subanalysis, on cryopreservation fail to achieve statistical
significance for iatrogenic preterm birth, however use of
cryopreservation present possible association with re-
duction of the rate of spontaneous preterm birth.
Our study also showed increased risks for GDM, pla-

centa previa, chorioamnionitis, PB, and a 1-min Apgar
score ≤ 7 in the mixed infertility subgroup compared
with corresponding controls. When there are mixed rea-
sons for parental infertility, pregnancy complications
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and parental and neonatal outcomes might differ, but
perinatal morbidities will always increase. In addition, in
twins, the differences in perinatal and neonatal outcomes
between IVF pregnancies and natural pregnancies mostly
narrowed or disappeared, which may indicate that preg-
nancy outcomes are greatly affected by multiple preg-
nancies, regardless of whether they are IVF or natural
pregnancies. This finding may also be the result of the
small number of cases.

Limitation and strength of the study
The major strength of our study is the assessment of dif-
ferent infertility etiology on maternal characteristics and
pregnancy outcomes in China. China has abolished the
“one child” policy, and, since 2016, it has entered into
the two-child policy era. As a result, the number of in-
fants is expected to increase greatly, which may promote
the demand for IVF [46]. Our findings have extremely
important clinical implications and may provide guid-
ance for couples and obstetricians in determining
whether IVF is useful as a first-line treatment or as a last
resort. Moreover, these findings may help in identifying
likely perinatal and neonatal complications relating to
different infertility etiologies and provide information for
the underlying pathogenic mechanisms.
However, there are a few limitations of this study.

First, the numbers of stillbirths and neonatal deaths were
few; hence, these figures were not included in the main
analysis, which may have given rise to the possibility of
residual confounding in our results. Therefore, we could
not accurately determine the severity of the effects of
different infertility diagnoses on neonatal outcomes, nor
could we identify the high-risk factors related to the
long-term prognosis of the newborn. Another gap in the
data that were available was the severity and treatment
process of infertility. For example, data on the stage of
endometriosis, baseline endocrine level, body mass
index, duration of infertility, and ovarian stimulation
protocol were incomplete. Although the IVF-ET method
in our research was only frozen-embryo transfer, the
data include both blastocyst and cleavage-stage embryo
transfer. Additionally, each number of blastocysts and
cleavage-stage embryos transferred was unknown, which
would introduce bias in our results. Additionally, since
the perinatal period starts at 28 complete weeks in
China, the records of infants born before 28 weeks of
gestational age are relatively incomplete. Therefore, only
gestational ages above 28 weeks are included in this re-
search. As a result, the exclusion of preterm birth be-
tween 24 and 28 weeks may lead to a reduction in the
prevalence of PTB. In addition, we excluded unknown
infertility diagnosis in the methods. Because of the sub-
stantial number of excluded cycles, those excluded due
to unknown cause of infertility may introduce bias in the

results. Moreover, we lack specific BMI data and have
only data on prepregnancy obesity (BMI ≥28 kg/m2),
which means higher BMI. Therefore, we could not add
BMI as a continuous variable in the study groups. Fi-
nally, some information about environmental exposure
(educational level, income level) was not included in this
study, which may lead to bias. Further studies, particu-
larly systematic reviews of observational studies such as
the current study and prospective studies with adjust-
ments for important confounders, will be required to
confirm these initial findings. We are aware that some
subgroups presents a limited sample size and likely lim-
ited statistical power.

Conclusions
Taken together, through this retrospective, hospital-
based cohort study, we verified that infertility etiology
within the IVF population can affect maternal and neo-
natal outcomes among all births. Infertility etiology ap-
pears an additional risk factor for abnormal pregnancy
outcomes besides the use of IVF techniques. Compared
with natural pregnancies, IVF pregnancies with ovula-
tion disorders have higher risks of adverse pregnancy
and perinatal outcomes, as the rates of GDM, pre-
eclampsia, postpartum hemorrhage, pPROM, and pre-
term birth were significantly increased, while IVF
pregnancies with male infertility have lower risks of ad-
verse pregnancy and poor perinatal outcomes. Doctors
should fully inform patients of possible adverse preg-
nancy outcomes before they receive IVF. In addition, ob-
stetricians should not only be aware of the increased risk
of adverse outcomes with IVF but also pay attention to
the specific complications related to the cause of infertil-
ity and provide timely treatment. These findings need to
be considered with caution given the small sample size
in some subgroups (particularly endometriosis and
mixed infertility). Further studies, including prospective
studies, are needed to confirm the role of the underlying
infertility etiology and the severity of infertility in the in-
crease in adverse outcomes with IVF after adjusting for
important confounders.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12884-020-03486-7.

Additional file 1: Supplemental Table 1. Pregnancy outcomes among
different infertility etiologies for IVF compared to spontaneous
pregnancies in twins. Supplemental Table 2. Neonatal outcomes
among different infertility etiologies for IVF compared to spontaneous
pregnancies in Twins. Supplemental Table 3. cORs, aORs and 95% CIs
of pregnancy outcomes among different infertility etiologies for IVF
compared to spontaneous pregnancies in Twins. Supplemental Table
4. cORs, aORs and 95% CIs of neonatal outcomes among different
infertility etiologies for IVF compared to spontaneous pregnancies in
Twins

Wang et al. BMC Pregnancy and Childbirth           (2021) 21:39 Page 10 of 12

https://doi.org/10.1186/s12884-020-03486-7
https://doi.org/10.1186/s12884-020-03486-7


Abbreviations
ART: Assisted reproductive technology; IVF: In vitro fertilization; BMI: Body
mass index; GDM: Gestational diabetes mellitus; ICP: Intrahepatic cholestasis
of pregnancy; pPROM: Preterm premature rupture of membranes; PB or
PTB:: Preterm birth; LBW: Low birthweight; SGA: Small for gestational age;
NICU: Neonatal intensive care unit; CI: Confidence interval; aOR: Adjusted
odds ratio; cOR: Crude odds ratio; NC: Not calculated due to low numbers

Acknowledgments
Not applicable.

Authors’ contributions
JXW and JMC contributed to the study conception and design. QWL, BED
and FC examined the data integrity and accuracy. JXW and XWL performed
the data analysis. JXW drafted the manuscript, and JMC revised the
manuscript. All the authors read and approved the final manuscript.

Funding
This study was not funded.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
All procedures performed in studies involving human participants were
approved by the local institutional ethics committee of the Beijing Obstetrics
and Gynecology Hospital committee (ethics approval number: 2019-KY-024-
01). Due to the retrospective study design, consent for participation was not
required. Nevertheless, private information was well-protected during the
study.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflicts of interest.

Author details
1Department of Minimally Invasive Gynecologic Center, Beijing Obstetrics
and Gynecology Hospital, Capital Medical University, No. 17 Qihelou Road,
Dong Cheng District, Beijing, China. 2Department of Obstetrics, Beijing
Obstetrics and Gynecology Hospital, Capital Medical University, No. 251
Yaojiayuan Road, Chao Yang District, Beijing, China.

Received: 28 July 2019 Accepted: 9 December 2020

References
1. Yang X, Li Y, Li C, Zhang W. Current overview of pregnancy complications

and live-birth outcome of assisted reproductive technology in mainland
China. Fertil Steril. 2014;101(2):385–91.

2. Qin J, Wang H, Sheng X, Liang D, Tan H, Xia J. Pregnancy-related
complications and adverse pregnancy outcomes in multiple pregnancies
resulting from assisted reproductive technology: a meta-analysis of cohort
studies. Fertil Steril. 2015;103(6):1492–508 e1491–1497.

3. Qin J, Liu X, Sheng X, Wang H, Gao S. Assisted reproductive technology and
the risk of pregnancy-related complications and adverse pregnancy
outcomes in singleton pregnancies: a meta-analysis of cohort studies. Fertil
Steril. 2016;105(1):73–85 e71–76.

4. Nagata C, Yang L, Yamamoto-Hanada K, Mezawa H, Ayabe T, Ishizuka K,
et al. Complications and adverse outcomes in pregnancy and childbirth
among women who conceived by assisted reproductive technologies: a
nationwide birth cohort study of Japan environment and children's study.
BMC Pregnancy Childbirth. 2019;19(1):77.

5. Dhalwani NN, Boulet SL, Kissin DM, Zhang Y, McKane P, Bailey MA, et al.
Assisted reproductive technology and perinatal outcomes: conventional
versus discordant-sibling design. Fertil Steril. 2016;106(3):710–716.e712.

6. Cavoretto P, Candiani M, Giorgione V, Inversetti A, Abu-Saba MM, Tiberio F,
et al. Risk of spontaneous preterm birth in singleton pregnancies conceived

after IVF/ICSI treatment: meta-analysis of cohort studies. Ultrasound Obstet
Gynecol. 2018;51(1):43–53.

7. Pandey S, Shetty A, Hamilton M, Bhattacharya S, Maheshwari A. Obstetric and
perinatal outcomes in singleton pregnancies resulting from IVF/ICSI: a
systematic review and meta-analysis. Hum Reprod Update. 2012;18(5):485–503.

8. Chen L, Yang T, Zheng Z, Yu H, Wang H, Qin J. Birth prevalence of
congenital malformations in singleton pregnancies resulting from in vitro
fertilization/intracytoplasmic sperm injection worldwide: a systematic review
and meta-analysis. Arch Gynecol Obstet. 2018;297(5):1115–30.

9. Boulet SL, Kirby RS, Reefhuis J, Zhang Y, Sunderam S, Cohen B, et al.
Assisted reproductive technology and birth defects among Liveborn infants
in Florida, Massachusetts, and Michigan, 2000-2010. JAMA Pediatr. 2016;
170(6):e154934.

10. Giorgione V, Parazzini F, Fesslova V, Cipriani S, Candiani M, Inversetti A, et al.
Congenital heart defects in IVF/ICSI pregnancy: systematic review and meta-
analysis. Ultrasound Obstet Gynecol. 2018;51(1):33–42.

11. Heisey AS, Bell EM, Herdt-Losavio ML, Druschel C. Surveillance of congenital
malformations in infants conceived through assisted reproductive
technology or other fertility treatments. Birth Defects Res A Clin Mol Teratol.
2015;103(2):119–26.

12. Hayashi M, Nakai A, Satoh S, Matsuda Y. Adverse obstetric and perinatal
outcomes of singleton pregnancies may be related to maternal factors
associated with infertility rather than the type of assisted reproductive
technology procedure used. Fertil Steril. 2012;98(4):922–8.

13. Stern JE, Luke B, Tobias M, Gopal D, Hornstein MD, Diop H. Adverse
pregnancy and birth outcomes associated with underlying diagnosis with
and without assisted reproductive technology treatment. Fertil Steril. 2015;
103(6):1438–45.

14. Oberg AS, VanderWeele TJ, Almqvist C, Hernandez-Diaz S. Pregnancy
complications following fertility treatment-disentangling the role of multiple
gestation. Int J Epidemiol. 2018;47(4):1333–42.

15. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, et al.
The hypertensive disorders of pregnancy: ISSHP classification, diagnosis &
management recommendations for international practice. Pregnancy
Hypertens. 2018;13:291–310.

16. Committee on Practice B-O. ACOG Practice Bulletin No. 190: gestational
diabetes mellitus. Obstet Gynecol. 2018;131(2):e49–64.

17. Ovadia C, Williamson C. Intrahepatic cholestasis of pregnancy: recent
advances. Clin Dermatol. 2016;34(3):327–34.

18. Jauniaux E, Alfirevic Z, Bhide AG, Belfort MA, Burton GJ, Collins SL, et al.
Placenta Praevia and placenta Accreta: diagnosis and management: green-
top guideline No. 27a. BJOG. 2019;126(1):e1–e48.

19. Tikkanen M. Placental abruption: epidemiology, risk factors and
consequences. Acta Obstet Gynecol Scand. 2011;90(2):140–9.

20. American College of Obstetricians and Gynecologists’ Committee on
Practice Bulletins—Obstetrics. Practice Bulletin No. 172: premature rupture
of membranes. Obstet Gynecol. 2016;128(4):e165–77. https://doi.org/10.
1097/AOG.0000000000001712.

21. Bond DM, Middleton P, Levett KM, van der Ham DP, Crowther CA,
Buchanan SL, et al. Planned early birth versus expectant management for
women with preterm prelabour rupture of membranes prior to 37 weeks'
gestation for improving pregnancy outcome. Cochrane Database Syst Rev.
2017;3:Cd004735.

22. Dahlke JD, Mendez-Figueroa H, Maggio L, Hauspurg AK, Sperling JD,
Chauhan SP, et al. Prevention and management of postpartum
hemorrhage: a comparison of 4 national guidelines. Am J Obstet Gynecol.
2015;213(1):76.e71–10.

23. Cunningham FG. Williams obstetrics. 24th ed. New York: McGraw-Hill
Medical; 2014.

24. Chen Y, Li G, Ruan Y, Zou L, Wang X, Zhang W. An epidemiological survey
on low birth weight infants in China and analysis of outcomes of full-term
low birth weight infants. BMC Pregnancy Childbirth. 2013;13:242.

25. Pan XF, Tang L, Lee AH, Binns C, Yang CX, Xu ZP, et al. Association between
fetal macrosomia and risk of obesity in children under 3 years in Western
China: a cohort study. World J Pediatr. 2019;15(2):153–60.

26. Luo X, Liu L, Gu H, Hou F, Xie X, Li X, et al. Pathways linking socioeconomic
status to small-for-gestational-age (SGA) infants among primiparae: a birth
cohort study in China. BMJ Open. 2018;8(6):e020694.

27. Hu L, Huang X, You C, Li J, Hong K, Li P, et al. Prevalence of overweight,
obesity, abdominal obesity and obesity-related risk factors in southern
China. PLoS One. 2017;12(9):e0183934.

Wang et al. BMC Pregnancy and Childbirth           (2021) 21:39 Page 11 of 12

https://doi.org/10.1097/AOG.0000000000001712
https://doi.org/10.1097/AOG.0000000000001712


28. Cavoretto PI, Farina A, Gaeta G, Sigismondi C, Spinillo S, Casiero D, et al.
Uterine artery Doppler in singleton pregnancies conceived after in-vitro
fertilization or intracytoplasmic sperm injection with fresh vs frozen
blastocyst transfer: longitudinal cohort study. Ultrasound Obstet Gynecol.
2020;56(4):603–10.

29. Fenton TR, Kim JH. A systematic review and meta-analysis to revise the
Fenton growth chart for preterm infants. BMC Pediatr. 2013;13:59.

30. Grigorescu V, Zhang Y, Kissin DM, Sauber-Schatz E, Sunderam M, Kirby RS,
et al. Maternal characteristics and pregnancy outcomes after assisted
reproductive technology by infertility diagnosis: ovulatory dysfunction
versus tubal obstruction. Fertil Steril. 2014;101(4):1019–25.

31. Palomba S, de Wilde MA, Falbo A, Koster MPH, La Sala GB, Fauser BCJM.
Pregnancy complications in women with polycystic ovary syndrome. Hum
Reprod Update. 2015;21(5):575–92.

32. Yu HF, Chen HS, Rao DP, Gong J. Association between polycystic ovary
syndrome and the risk of pregnancy complications: a PRISMA-compliant
systematic review and meta-analysis. Medicine (Baltimore). 2016;95(51):e4863.

33. Vannuccini S, Clifton VL, Fraser IS, Taylor HS, Critchley H, Giudice LC, et al.
Infertility and reproductive disorders: impact of hormonal and inflammatory
mechanisms on pregnancy outcome. Hum Reprod Update. 2016;22(1):104–15.

34. Tobias DK, Chavarro JE, Williams MA, Buck Louis GM, Hu FB, Rich-Edwards J,
et al. History of infertility and risk of gestational diabetes mellitus: a prospective
analysis of 40,773 pregnancies. Am J Epidemiol. 2013;178(8):1219–25.

35. Fujii T, Wada-Hiraike O, Nagamatsu T, Harada M, Hirata T, Koga K, et al.
Assisted reproductive technology pregnancy complications are significantly
associated with endometriosis severity before conception: a retrospective
cohort study. Reprod Biol Endocrinol. 2016;14(1):73.

36. Vercellini P, Parazzini F, Pietropaolo G, Cipriani S, Frattaruolo MP, Fedele L.
Pregnancy outcome in women with peritoneal, ovarian and rectovaginal
endometriosis: a retrospective cohort study. Bjog. 2012;119(12):1538–43.

37. Yuri T, Yutaka O, Akihisa F, Nagisa O, Ryo T, Minako K, et al. Increased risk of
placenta previa is associated with endometriosis and tubal factor infertility
in assisted reproductive technology pregnancy. Gynecol Endocrinol. 2013;
29(2):113–5.

38. Zullo F, Spagnolo E, Saccone G, Acunzo M, Xodo S, Ceccaroni M, et al.
Endometriosis and obstetrics complications: a systematic review and meta-
analysis. Fertil Steril. 2017;108(4):667–672.e665.

39. Brosens I, Derwig I, Brosens J, Fusi L, Benagiano G, Pijnenborg R. The
enigmatic uterine junctional zone: the missing link between reproductive
disorders and major obstetrical disorders? Hum Reprod. 2010;25(3):569–74.

40. Benaglia L, Candotti G, Papaleo E, Pagliardini L, Leonardi M, Reschini M,
et al. Pregnancy outcome in women with endometriosis achieving
pregnancy with IVF. Hum Reprod. 2016;31(12):2730–6.

41. Romundstad LB, Romundstad PR, Sunde A, von During V, Skjaerven R,
Vatten LJ. Increased risk of placenta previa in pregnancies following IVF/ICSI;
a comparison of ART and non-ART pregnancies in the same mother. Hum
Reprod. 2006;21(9):2353–8.

42. Esh-Broder E, Ariel I, Abas-Bashir N, Bdolah Y, Celnikier DH. Placenta accreta
is associated with IVF pregnancies: a retrospective chart review. Bjog. 2011;
118(9):1084–9.

43. Vannuccini S, Ferrata C, Perelli F, Pinzauti S, Severi FM, Reis FM, et al.
Peripartum and postpartum outcomes in uncomplicated term pregnancy
following ART: a retrospective cohort study from two Italian obstetric units.
Hum Reprod Open. 2018;2018(3):hoy012.

44. Romundstad LB, Romundstad PR, Sunde A, von During V, Skjaerven R,
Gunnell D, et al. Effects of technology or maternal factors on perinatal
outcome after assisted fertilisation: a population-based cohort study. Lancet.
2008;372(9640):737–43.

45. Cavoretto PI, Giorgione V, Sotiriadis A, Viganò P, Papaleo E, Galdini A, et al.
IVF/ICSI treatment and the risk of iatrogenic preterm birth in singleton
pregnancies: systematic review and meta-analysis of cohort studies. J
Matern Fetal Neonatal Med. 2020:1–10. https://doi.org/10.1080/14767058.
2020.1771690.

46. Cheng PJ, Duan T. China's new two-child policy: maternity care in the new
multiparous era. Bjog. 2016;123(Suppl 3):7–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Wang et al. BMC Pregnancy and Childbirth           (2021) 21:39 Page 12 of 12

https://doi.org/10.1080/14767058.2020.1771690
https://doi.org/10.1080/14767058.2020.1771690

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source and study sample
	Variables of interest and definition of main outcomes
	Ethics approval
	Statistical analysis

	Results
	Discussion
	Summary of key findings
	Interpretation
	Limitation and strength of the study

	Conclusions
	Supplementary Information
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

